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Abstract

Purpose: To determine the function of Citrate carrier (CiC) in the biosynthesis of Juvenile hormone
in cockroach, D. punctata, and build a basic theory for pest control. Methods: The expression pro-
file and tissue distribution of CiC were determined by qRT-PCR. Furthermore, the relationship
between JH biosynthesis and CiC were investigated by knocking down the essential genes in JH
biosynthesis pathway using RNAi. Results: CiC has the highest expression level in CA, which is the
biosynthetic site of JH, and followed by Fb. CiC expression pattern in CA corresponds with JH bio-
synthesis in the CA of 0 - 7d after mated female. There is a down regulation in CiC expression after
knocking down the 3-hydroxy-3-methylglutaryl coenzyme-A reductase and Juvenile hormone acid
methyl transferase, two key genes that play essential roles in JH biosynthesis. Conclusion: Our re-
sult suggested CiC was involved in JH biosynthesis pathway, probably by mediating the trans-
membrane transport of Acetyl-CoA. Further investigate was needed to determine the accurate
function of CiC.
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R

H#: B AT (Diploptera punctata) F—F i B 5512 844 (Citrate carrier, CiC)TERYIEER
(juvenile hormone, JH) & BE R H KIThEE, FITZCICEJHERPIRR, ARG ERBREIATHIH
RE NP IRAFERAKIE. i DUCFREITRBA AN R, FIHRLEEPCREARX CICENRRE
KRR F KB R REERT 4. &R HERREEEMELE S RRBER 1B 5 i 4
(Corpora allata, CA) P REER G, HIKREH & (Fat body, Fb). fEMEMEIREIIEC/E0~7 KA, WM&
FCICRIEE SJHRBME RIEMAIS . FFRNATL (RNA interference, RNAi)E AR X JHE o< EE 3 -5 5 -
3-FER _REBGHBACFEBRARYBERPEZEBER T TING, CICREEPHETH. 4ik:
CiICH5IHE RIEBRE VIR, HafgtREE/N 3 2 BiHETA B 2004 2 40 i 10 B8 iz, REmaJHA Mk
B o

Xiin
FrRERFEia Rk, RGBER, WA, RNAI
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1. BY

—FRIRIEFA (tricarboxylic acid cycle) XX Krebs JEIF, /& 75 A ALk N 5 3 47 75 AR & 1, 2 0EE,

BRI H R = KB TR AU B R IE S [1] . FLAZ AR M SR 4 A J5A% A= () 40 i o o — R BRI sk
TS EEZAENT, FEREBHEMAE e TRRAN EREEED, 71503 OB A
HERALIZZHMT, S5 = RBIEIR, B = KE TV AR A e A il — S A BT 7K R
JRRE B R UEN LR AU R AT, [RI L BEHERS A trT UE N a2 5200, IRITR A e A
VIR G B (2] AT RIS A KR BB VF 2 M, B 1972 F58— MRS 8 & B KR
JH I SR AR B Al A R [3], BIIAE O 2RISR E A N, K, 68 o F1ERE 3 S2 B R [2] [4] [5]
[6]. ERIREB O ATE IR Wi s RS IR S B 1 — e 5 i LR Wl e b, (R0 L DD B 98 K 22 2 AE i L3l P itk
ATHI[7] [8], X ERHAKRM CiC IhRERT FEARXS D .

TR A H B R 044 7 A ) — Fb 5 2P SR A1, = ZE T R 40 Wb 3] L bk O ORAr 40 PR R A2
YERFTI M IR AR B P S s, IR R E . RSMAETESE9] [10] [11]. ERBIAEN, FAEZMIRY)
BWERMEEYI[12], Hoh, RYBERITQOH 1)k, HERigtn: CBHils A— PR — 5
B AR IR — 1k Je R IR -V R R — RGBT E 1. fEiZad fE v, ZFOCHEEER AR — DR,
W JH 1A Blhn 3-F25E-3-H FE % — TR A k4l A 14 JR B (3-hydroxy-3-methylglutaryl coenzyme-A re-
ductase, HMGR)FI{R 4 2% 12 F L #4 #2 i (Juvenile hormone acid methyl transferase, JHAMT) v ) 5

®)

ik
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JH GRELMERAR[13]. B IHITE O R O BN TR, (BT IH & B W1 £ B4
A SR A CIC 2R fm JH A, H TR B NAERL R BT @k b AT T 0. PR A s
B AR X — AR TS JUNBR AR 4L, XF CIC 5 JH &R RIEAT TR, AT Lt —
fENT B OH GBS, CREW A E B PR 1R AR LAY

2. WP SR
2.1. BHEFR

ACPPEYTERAE S A0 S AT IR 27 $5 IR A SRS A BT h DT 77, O T8 BRI SYIAARE, S it e e ik
5 MERE B R B HE SR T RE IR UM

22. EWAE

2.2.1. HALTEEF RNA H2EL

HY D. punctata 7Eff3) 20045 T, T 220 (150 mM NaCl, 12 mM KCI, 10 mM CaCl,2H,0, 3 mM
MgCly6H,0, 10 mM HEPES 94, 40 mM glucose, pH 7.2) @i 2143, A Rl &A%, i —80°C f#
A7 KA (PO PR A i, R o) ) 0% R0 K P R e AR EE R . O T s AN E 22U ) CiC
RN FEEE, EFETH)E 4 REKRMM(Brain, Br), WAL, AEEiE, FimMidgut, MG), K&
(Malpighian tubules, MT), #f% % (Nerve cord, NC)1 5 i (Ovaries, OV)EUFE, &FANFESHEL 10 Sk B HUKiZ 4L
g1, W3 MM AENFEE . T BRI A E AR CIC R FRIAEW, HCHELE 0-7 K1t
PERCHR U R 2 2R, B RAEAR I (R SRR, RN ] p B 3 S AE Y EE, BN E R Ak
B K EUATFIRE i 3% B8 RNeasy Mini Kit (Qiagen) Ui B T2 B ZH 218 RNA. BT IRMIAZH 25520, #H
RNAgqueous®-Micro Kit (Ambion)iZt417 RNA $#25¢, 42 H ) RNA H Dnase 4t f5 H NanoDrop 2000c 435t
JERETHRE IR, %% A260/280 7 1.8~2.0 ) RNA B fhidh 47 ) 5%

2.2.2. REERE R, cDNA

F2 18 5 e st & (Qiagen) 15 W 4545 i cDNA: #5625 B RNA HHEA 1) DNA, IS RNA 1 g, 5x
gDNA Eraser Buffer 2 uL, gDNA Eraser 1 uL, & RNA /K 5 uL, £ 42°CHI%&4F N M 3 min, HGEE T
UK b FHEBGHTE I Prime Script RT Enzyme Mix | 1 uL, FQ-RT Primer Mix 2 uL, 10x Fast RT Buffer 2 uL,
7 RNA fili7K 5 pL B A)JE g LR ANk RIE A, 3% 20 uL, SRJ5#0 R % AFk4T ) Bi: 42°C 15 min, 95°C
3min, 4°C 5min, RMEREFFE| cDNA, —20CHRAF.

2.2.3. SERIEE PCR

gRT-PCR Jx%ifk %: 2 x SYBR Green qPCR Master Mix 10 pL, _E R #(51 40K E 10 mmoL/L) %
0.8 uL, cDNA 2 pL, #B4li/K 6.4 pL; EAKFR 20 pL. M &AMF: 95°C AP 30s; 95°C 15s, 60°C 30s,
72°C 30's, 3t 40 MEI; IEMREIZLUE N 70°CH 95°C, LARIE MR vt SRR S 3 MR
HE, DMRIEREEIRHERIM:, p-Tubulin fE NS, EEIIWWT:

EIE B 5197 51(5'-3)
CiC-F GGATTGACGGGAGGAATAGA
CiC-R TATTGCTTGGCAGCTGTACC
S-Tubulin-F TTCCCTTCCCTAGACTTCACTTC
-Tubulin-R CAGCAGCCACAGTCAAATACC
B

)
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2.2.4. RNA Fift

FHFHR 51 0 LAME 44 cDNA Dy BLRRY 85 K B FH T 30U RNA SRR G . 78 A — B R AN [7] X 3k
PR AF BB R T P8R . XU RNA ] MEGASscriptRNAI kit (Ambion) 4% {8 56 B H 4 B o

RNA T H T7 BahFiTH %, 3TCHER M. KM= DNase | #1 R Nase &b 5, R4 1845
FH R R AR 4k, 753 308E RNA #E H] NanoDrop2000c 43 66 BT HEAT R I, 52 P A0 38 45 i 38
1T 1,29 B AR RS F Bk HEAT RN . B RS pIET ZE DR A AR GR A X M AREAT RNA XUBE & . 2R )5
36 Bt Rz (428 ek AR P B ERHEAT XUBE RNA VEST, HMGR XU RNA 7228 0 K55 2 RiE4), IHAMT
BUE RNA TR 1RG5 3 RiEATIES, WHFESNEL 3 ng, WIAHALES 4 KT

TG .
CIEVEA S F 519(5-3") R 514(5"-3")
HMGR dsRNA ACATGGACAGTTCTGTGCCT CCCAACTTTTGCAGATGACAG
CACTTCTCGCATTGTGGCT CAGTACCCTTGGAGAGC
JHAMT dsRNA AAAAGAGACGCAGCCCACGCA CGATCCTCGTGGGAACAGATG
GTACAGCACGCCACCTCCA AACTACGGCACTCTGGAGC
Control dsRNA TTGCGCTCACTGCCAATTGC CTGGCCTTTTGCTCACATGTT

3. BRE5VE

N T K CiC 7 D. punctata 41 28H [ 43 A1 15 1, 6 A2 e I DU R P 2 5 A ek i, PR, I A A
i, SIRE, MAERMOIE T CiIC mRNA ik & F H S & & PCR SRS TN E, 4R B/~ CiC 1E
R4 AR R B AR m R A &, fEHMAL P RIA B, HAEEMNA P RE SRR, EHEF
FirEBLE 1). /£ CIC A sid, CIiC fEMFAE, BAEMBEAR T B A mERIE, 7600 E 5L
S B AWK, TR A LSRRI S CIC Rik[14]. ARIFIER NEIITR & ) E 250, FREK
T OMAREE A TENE R, HOm CiC ik & fimy, LA EX SMtAite A NARLIR iz 24052 5 )
N TESR o TERSPEET Ry, WROAAOR S R G R BRI, P i A & i R U B I R K130 T, X
NIRRT AR R = SRS A, BT A NSRRI AL, WM A2 kit b CiC 4RI Bk
F, M RIEASE EIRERIEFE, CIC KPR, 1X—485 Rt CiC Bl #4128 JH & EY) LB R
AZ 537 JH &%, X IH & 8A—ERm.

N THHFE CIC 5 JH & AEMRI A K Bl A%, BOTHLE 0~7 RIEMEMIART R, X CiC
FixBEIATIE, 455 CIC RIEETE 0~4 KR LT H#ass, 7F 4 RiF CiC RIEEE BRI, 1F 4~7
K2 FREEH(E 2). MIEAHFAEE M4 T, JH BSES CiC RIARLE LIt TR A Kk
FHALA[15], B CIC 25 JH &k, CiC migkik i Mg JH AR 3 K JH A EREE—K LR, Cic
FarE IR N FATHENE R O] R T OCFEE T g CIC AR E RS, 1R IH POEE T,
AV FIX P CIC A TLVE 2 JH & Rt CBESEE A IS TR, B —MEl LR 18 3
(1) CiC IR K EA I RIEEN, XEEARTARERIE, TREX e [FRE O 1R IE = A 5 8
il

BT CABATRZ I ) CIiC Rk 2 mT g2 H B8 PR AR .

N TP EE CIC 5 JH &R B HISR R, TRATFI A RNAL HARXT IH G sid i 4 oA m A i
HMGR F1 JHAMT JE R 47T HE[13], =35 237l 5200 JH A s % o F R IR IR 5 FH R JB IR (1) A [ 15]
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£ JH & BCRIE AR RIS O0 R R M A ) CIC FRIARHATNE . KIEIR TR SXRAME, AbH
4l CiC KiZE[#MK T 48% (W1l 3), FFAEMRE 7. Bk, FAHENAE JH &SRO T, R4k
A REAFAE — M S Bt T LA T LUB ) 35 IR U (A CIC ik &, Jib LSRG A IS IEANE, YR
iR O A 5 IH S BGER KT ATEE— 2P IEW] CIiC 5 JH & s s A A R E AR .
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Figure 1. Tissue distribution of CiC in different tissues of the cockroach, D. punctata.
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Figure 2. Expression of CiC and release of JH in CA of the first gonadotrophic cycles, mated female from day 0 - 7. Release
of JH was cited from reference [15]
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Figure 3. The expression of CiCin the corpora allata of cockroach
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4. BRERE

FPRRPR % 12 AR AE RGP & s B AN (A By TRk, 9F BAEMR A b R0k 85 JH B TCR A2
WS REAEL, WS T ERIR 2 E AR i LI HiRE A 2 53] 7 B RIRGIER & kg, [
I, ZEEARE A SO% = KE R BRI BT ] 4, o B JU i) = KPS E A AN RE B AU 2 S s 2. [AI Ik,
CiC X RIRAERKSKFEWAHFEIMEN. W5, WEAEDEGRE — A AEERVER R R, A8 5 5 T
B ) b o A A, R A AL G, R R 1R JC AT e v A R R AR e — A
AR T B R PR S R —, SR O IR E B RR IS, ATRLS| R 2 AR G,
FFHEAMEZ, oA, FHER, AFREE, SEFEMR, MERERERE AL T RO R ) A B A AL T
FEA AT CAFE Bt B SR A BRAC LA, ST B 0 AR 0 BTR 2590, I R NS M AR -

TRA AR B AU dn I O B AR I, DAORGIIR & O i 2 — S0 B S B T i SR 25 R
PRI OR GBI (5 8 BB R DRATBCER RO A Zy, mT DU R HOR AR AR 3R L, Bl n R & K
AL A3 HRL RGN et A T RT LAASE 4 ERAS RE R 8 A i BRI, AT A Rl B s, BAT BTk, XA fE
TG, RO RERSA . CIC E N LIS A BSUEfBiE, AMCGEmRAEMEN SR, TS 53R
= RE R REREACYT, PIELL CIC YIRS FT AR ), R LU DU RS PR 4R &
JEONS T AT A A BOR . EE B RAT IR 2 BAR T REELAE 2 AT LU s C WLl A A,
DAL 75 2 SR AN 2 %) CIC I TT,  JAIA RE BN 4=t 1 i A A B 48 35 duBiia B BRI
Jito
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